Aims-Studies of the genetic characteristics of splenic marginal zone lymphoma (SMZL) have failed to identify genetic changes specific to this tumour. Microsatellite instability is a type of genomic instability associated with diVerent types of human cancer. Although microsatellite instability is rare in B cell non-Hodgkin's lymphomas, it has been found in some specific subsets, such as marginal zone lymphomas arising in mucosa associated lymphoid tissue (MALT), where an association with p53 mutation has been described. Because it has been proposed that SMZL and MALT are close in histogenetic terms, this study investigated the comparative frequency of microsatellite instability and p53 mutation in patients with SMZL and MALT lymphomas. Methods-Microsatellite instability was investigated using seven microsatellite marker loci in 14 patients with SMZL and 20 patients with MALT lymphomas. In an attempt to clarify the role of p53 gene mutation in the pathogenesis of SMZL, exons 5-8 were also investigated by polymerase chain reaction single strand conformation polymorphism (PCR-SSCP) and direct sequencing in a total of 20 patients with SMZL and 22 patients with MALT lymphomas. Results-Microsatellite instability was not detected in patients with SMZL, although five of 20 patients with MALT lymphomas had microsatellite instability. The frequency of p53 mutation was low in both series (two of 20 patients with SMZL and one of 22 patients with MALT lymphomas). No significant association was found between p53 mutation and microsatellite instability. Conclusions-These results indicate that microsatellite instability is not associated with the molecular pathogenesis of SMZL, confirming the relatively increased frequency of microsatellite instability in MALT lymphomas, and perhaps suggesting that MALT and SMZL have diVerent mechanisms of tumorigenesis. (J Clin Pathol: Mol Pathol 1998;51:262-267) 
Splenic marginal zone lymphoma (SMZL) is a well defined clinicopathological entity included in the revised European American lymphoma (REAL) classification.
1 However, studies performed to date on the molecular and genetic features of this tumour have failed to identify changes that are specific to this neoplasm. A hypothetical marginal zone origin has been suggested for SMZL, based on the existence of a prominent marginal zone diVerentiation in splenic sections, which gave rise to its original description. 2 3 This morphological phenomenom led to the supposition that this tumour originated from splenic marginal zone cells, and it was thought to be associated with other marginal zone lymphomas arising in extranodal locations, such as those originating in mucosa associated lymphoid tissue (MALT). 2 4 The relation between MALT and SMZL lymphomas has remained controversial, because diVerent studies have reached contradictory conclusions on the existence of common genetic alterations. [5] [6] [7] [8] Although it is now commonly accepted that MALT lymphomas originate in marginal zone lymphoma cells, definite evidence has yet to be supplied for SMZL. [9] [10] [11] Microsatellite instability is a type of genomic instability frequently detected in many types of human tumours. 12 13 It is expressed as diVerences in the banding patterns of polymerase chain reactions (PCR) amplified DNA from tumour cells versus normal cells at various microsatellite loci. Microsatellite instability was first reported as tumour specific in hereditary non-polypoid colorectal cancer, [13] [14] [15] and sporadic colon cancer. 13 16 In hereditary nonpolypoid colorectal cancer, this genetic instability apparently results from inherited and somatic mutations in mismatch repair genes (hMSH2, hMLH1, hPMS1 and hPMS2). [17] [18] [19] [20] [21] More recently, it has been shown to occur at diVerent frequencies in several other types of tumour. [22] [23] [24] DiVerent studies of the frequency of microsatellite instability in lymphoproliferative disorders have shown this to be an exceptional finding, with the exclusive exception of MALT lymphomas, where microsatellite instability has been identified in up to 52.5% of patients. [25] [26] [27] [28] [29] [30] [31] On the other hand, p53 mutation is one of the most common genetic alterations in human malignancies, contributing to tumour development and progression. 32 The frequency of p53 mutation in lymphoid disorders varies from 5% to 42%. 33 34 In non-lymphoid tumours, most of the series agree, in that microsatellite instability and p53 mutations are present as mutually exclusive genetic events. 35 36 Nevertheless, in MALT lymphomas, an association between both phenomena was found in a previous study. 31 We are not aware of any study that has been conducted to date on microsatellite instability in SMZL, and the studies performed on the frequency of p53 gene mutations in this tumour type have not provided uniform findings, because the results vary from 0% to 40%. [37] [38] [39] With the aims of exploring the frequency of both phenomena in SMZL, and of comparing these findings with those obtained in MALT lymphomas, we carried out a comprehensive study on a group of 42 patients, composed of 20 patients with SMZL and 22 patients with MALT lymphomas.
Our results indicate that microsatellite instability is not a frequent molecular feature of SMZL, and could support the hypothesis of diVerent tumorigenic mechanisms for MALT and SMZL lymphomas.
Materials and methods

TISSUE SAMPLES
This study comprised forty two patients. They were obtained from the routine files of the Department of Pathology of Virgen de la Salud Hospital, Toledo, Spain. The group studied included 20 patients with SMZL diagnosed from splenectomy specimens. These patients were diagnosed on the basis of the criteria established by Isaacson and colleagues 11 40 and Mollejo et al. 9 41 The group studied also included 22 patients with MALT lymphomas (20 gastric, one small-intestinal and one pulmonary), histologically composed of small cells (10 patients), large cells with a peripheral small cell component (eight patients), and large cells (four patients)
MALT lymphomas were categorised according to standard criteria following morphological, immunohistochemical, and molecular studies. 43 Oral swabs were incubated overnight in double distilled H 2 O at 37°C, centrifuged, and treated with SDS and proteinase K.
IMMUNOSTAINING
Immunohistochemical examination was performed in all cases (SMZL and MALT) on formalin fixed, paraYn wax embedded tissue. Immunohistochemical staining for p53 protein was carried out using the DO7 antibody (Novocastra, Newcastle Upon Tyne, UK) and procedures that have been described previously. 44 Specimens were considered to be positive if most malignant cells showed distinct p53 nuclear reactivity.
ANALYSIS OF MICROSATELLITE INSTABILITY
Seven microsatellite tetranucleotide repeat markers, mapping to diVerent chromosomes were used, namely: D2S1360, D3S2432, D4S1627, D6S474, D7S1824, D9S934, and D17S1290. Primers used to amplify each locus were obtained from Research Genetics (Huntsville, Alabama, USA). Only tetranucleotide repeats were selected, given that previous studies on microsatellite instability in human cancer have shown that these are more informative than others. 45 Each microsatellite repeat was amplified using the polymerase chain reaction (PCR). PCR reactions were performed in a final volume of 20 µl containing 50-100 ng of DNA template, 10 pmol of each primer, 200 µmol/l dNTPs, 1 µCi 32 PdCTP, and 1 U of Taq polymerase (Boehringer Mannheim, Mannheim, Germany). Thirty cycles were performed, each consisting of 30 seconds at 94°C. Annealing temperatures ranged from 55°C to 57°C and 30 seconds at 72°C, using a Perkin Elmer 2400 GeneAmp PCR system. When DNA was extracted from paraYn wax embedded tissues, 35 PCR cycles were performed.
The products of the PCR reactions were mixed with an equal volume of formamide loading buVer (95% formamide, 20 mM EDTA, 0.05% bromophenol blue, and 0.05% xylencyanol), and were then denatured at 95°C for five minutes, and cooled on ice. Approximately 2 µl of each sample was loaded on to a 
Results
MICROSATELLITE INSTABILITY
A total of 14 SMZL and 20 MALT lymphomas were investigated for the presence of microsatellite instability. All samples were tested at seven microsatellite loci. Simple repetitive DNA sequences were amplified by PCR, thereby permitting the comparison of polymorphic parental alleles in the DNA of normal and malignant samples. Microsatellite mutations were identified as extra bands in the tumour sample DNA lanes that were not present in paired normal DNA lanes. To decrease the probability of detecting background mutations, only tumours showing mobility shifts of more than one microsatellite marker were scored positive for microsatellite instability. 25 46 Specimens with microsatellite instability were confirmed by repeating the PCR analysis. Table 1 summarises the results and representative cases are shown in fig 1. In the 14 patients with SMZL lymphoma analysed for microsatellite instability, only two showed a shift in the size of one microsatellite locus (table 2 ) . The other patients did not have any mobility abnormalities, so that all of the patients with SMZL studied were considered not to have microsatellite instability (table 1) However, seven of the 20 patients with MALT lymphomas had microsatellite alterations. Only five of 20 of the patients with MALT contained two or more microsatellite alterations (one large cell, two composed of areas of small and large cells, and two small cell MALT) (tables 1 and 2). The microsatellite marker where alterations were identified most frequently was D9S934 (table 2) .
Statistical analysis of the frequency of microsatellite instability in MALT and SMZL lymphomas showed a trend towards significance (p = 0.05572), which is probably a result of the small size of the sample.
DETECTION OF p53 GENE MUTATION p53 mutations in exons 5-8 were analysed by PCR-SSCP (fig 2) . PCR products showing abnormal SSCP patterns were analysed by a direct sequencing technique, to determine the nature of the mutation and the codon involved (table 3 and fig 3) . To exclude the possibility Two of the 20 SMZL lymphomas studied for p53 alterations showed p53 mutations (tables 1 and 3). Both were low grade tumours presenting indolent clinical behaviour, and were composed mainly of small cells, although they also had scattered larger cells, a common feature in SMZL histology. In both tumours a high level of p53 expression was detected by immunohistochemistry. The changes found in both specimens were missense mutations in exon 7 (case LL241) (fig 3) and exon 8 (case LL201) (table 3) .
Figure 1 Representative examples of microsatellite analysis in paired normal (N) and tumour (T) samples from SMZL (case LL203) and MALT lymphomas (cases MT51, MT14, MT24, MT8, and MT15
One of the 22 MALT lymphomas showed p53 mutations. This patient (case MT14) had a gastric large B cell lymphoma with peripheral areas of a small cell MALT-type component. (tables 1 and 3) . This tumour had a monoallelic p53 mutation in codon 158 (CGC→CAC), producing a shift from Arg to His. Immunohistochemical analysis of this tumour showed an increase in p53 nuclear accumulation.
Patients LL191, LL211 (MALT lymphomas) and LL144 (SMZL) exhibited polymorphism in codon 213 of exon 6.
Immunohistochemical analysis showed p53 nuclear stabilisation in all three specimens with p53 gene mutations. In addition, two SMZL and three MALT lymphomas showed a strong nuclear p53 staining in most malignant cells.
CORRELATION BETWEEN MICROSATELLITE INSTABILITY AND p53 MUTATION
The correlation between microsatellite instability and p53 mutation was also analysed for patients with MALT or SMZL in which both studies were performed. There was a single patient (with a gastric large B cell lymphoma) in whom simultaneous p53 mutation and microsatellite instability were found. Other patients showed either p53 mutation (two patients), or microsatellite instability (four patients). There was no significant correlation between microsatellite instability and p53 mutation (p > 0.05).
Discussion
The data obtained in our study show that microsatellite instability is absent from all the patients with SMZL studied. In contrast, a quarter of the patients with MALT lymphomas had microsatellite instability. No diVerences were found with respect to the frequency of p53 mutations.
The overall frequency of microsatellite instability in lymphoid disorders seems to be strikingly low. When using a restrictive definition of microsatellite instability (abnormalities at more than one locus) it seems that the only lymphoid tumours where microsatellite instability is found are MALT lymphomas, as these data confirm. Thus, Peng described a frequency of 21 of 40 MALT lymphomas with microsatellite instability (alterations in two or more microsatellites). 31 The data on nonHodgkin's lymphoma in HIV positive patients are not so conclusive because, although microsatellite instability was found in three of six patients by Bedi et al, 47 it was present in only one of 17 patients in the series of Gamberi et al. 25 The data obtained on other types of lymphoma show a rare or undetectable frequency of microsatellite instability. 25-27 48 Thus, it has also been found in cases of Kaposi's sarcoma associated herpes virus positive primary eVusion lymphoma, 49 and post-transplant lymphoproliferative disorders. 50 In contrast with this finding, research into hepatitis C virus associated lymphoma has not shown microsatellite instability to be present. 48 The role of microsatellite instability in neoplastic transformation has been the subject of recent investigations. Microsatellite instability has been implicated as a pathogenetic mechanism in subsets of tumours linked pathogenically to chronic infection and inflammation, such as tumours occurring after schistosomiasis, viral hepatitis B, chronic ulcerative colitis, or papillomavirus infection. [51] [52] [53] [54] This relation between neoplasia, microsatellite instability, and a chronic stimulus has been proposed for MALT lymphomas, and Helicobacter pylori has been suggested to be the infectious agent. 31 The findings of this series in SMZL suggest (keeping in mind the limitation of the number of cases studied and the choice of the microsatellites) that microsatellite instability does not play a role in the pathogenesis of lymphomas of this type, unlike has been found in MALT lymphomas. p53 mutation is a relatively infrequent phenomenon in lymphoid tumours, in comparison with tumours of other cell lineages. 55 However, data have been presented which suggest that this genetic abnormality could be remarkably frequent in MALT lymphoma (24.3-27.5%; both series coming from the same group), and might be associated with tumour progression. 31 56 A report by Baldini et al also showed a high frequency of p53 mutations in SMZL (six of 15). Other studies have failed to reach firm conclusions, mainly because of the small sizes of the samples analysed. 37 38 57 The frequencies of p53 mutation seen in our study are similar to those seen in other low grade non-Hodgkin's lymphoma subtypes. 33 This observation does not support the hypothesis that p53 mutation is frequent in these tumours, or that it could help in diVerentiating SMZL from MALT lymphomas. The discrepancies with the other studies published to date could be a result of differences in the size of samples, or the sensitivity of the technique used in our study (PCR-SSCP, 10%; data not published). Further studies are needed to confirm and clarify these discrepancies.
In most non-lymphoid tumours, it seems that microsatellite instability and p53 mutations are present as alternative genetic events, and are rarely present simultaneously. 35 36 Our data do not show any significant correlation between microsatellite instability and p53 mutations in lymphomas.
Our data indicate some diVerences between SMZL and MALT lymphomas, adding to recent observations that raise doubts about whether SMZL has a cellular origin in the marginal zone compartment of the spleen. Further studies are needed to illustrate phenotypic or molecular markers of marginal zone lineage origin in splenic lymphomas.
